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The existence of yawning across a diverse array of species has led many researchers to postulate its 
neurological significance. One hypothesis, which has garnered recent support, posits that yawns function to 
cool the brain by flushing hyperthermic blood away from the skull while simultaneously introducing a cooler 
arterial supply. The current study tested this hypothesis by examining how manipulations aimed at modifying 
carotid artery temperature, which in turn directly alters cranial temperature, influences contagious yawning in 
humans. Participants held either a warm (46oC), cold (4oC) or room temperature (22oC) pack firmly to their 
neck, just over their carotid arteries, for a period of five minutes prior to watching a contagious yawning 
stimulus. Thermographic imaging verified that these manipulations produced predicted changes in temperature 
at the superomedial orbital area, a region previously used as a noninvasive measure of brain temperature (i.e., 
the brain temperature tunnel). As predicted by past research, both the urge to yawn and overall yawn 
frequency significantly diminished in the cooling condition (p < 0.05). Less than half (48.5%) of the participants 
in the cooling condition reported the urge to yawn, while this urge was expressed by the vast majority of 
participants in the warming condition (84.8%). Moreover, there was a threefold difference in the mean number 
of yawns per participant between the cooling and warming conditions (0.364 compared to 1.121). These 
findings are consistent with previous research indicating that yawns function as a compensatory brain cooling 
mechanism. 
 
















Yawning is a complex and reflexive motor action pattern that appears to be evolutionarily conserved across 
vertebrates. Recent comparative research suggests an important neurophysiological function to this response, 
as interspecies variability in yawn duration robustly correlates with measures of brain size and neuron density 
among mammals (Gallup et al., 2016). To date, however, there remains no consensus regarding its adaptive 
significance (Guggisberg et al., 2010; Gallup 2011; Krestal et al., 2018). 
 
Human neuroanatomical and physiological investigations support a role of yawning in enhanced intracranial 
circulation (Walusinski, 2014) and brain cooling (Gallup & Hack, 2011; Corey et al., 2012). In particular, the 
brain cooling hypothesis posits that yawns are triggered by rises in cranial temperature, and that both the 
circulatory and respiratory outcomes of this motor action pattern function to counteract these changes and 
promote thermal homeostasis (Gallup & Gallup, 2007). According to this hypothesis, the extended muscular 
contractions and deep inhalation of ambient air that characterize yawns induce cooling of the brain via 
convective heat transfer, thermal conduction and evaporative heat loss (reviewed by Gallup & Eldakar, 2013). 
These physiological changes associated with yawning could facilitate instances of state change (Provine, 2005) 
and cortical arousal (Baenninger, 1997) that follow this behavior. 
 
The first empirical support for the brain cooling hypothesis came from research on human subjects 
demonstrating an inhibition of contagious yawning by methods of behavioral brain cooling (i.e., nasal breathing 
and forehead cooling) (Gallup & Gallup, 2007). Subsequent studies in both humans and non-human animals 
exhibited predicted changes in brain temperature (Shoup-Knox et al., 2010; Shoup-Knox, 2011), cranial surface 
temperature (Eguibar et al., 2017; Gallup et al., 2017), and oral temperature following yawns (Gallup & Gallup, 
2010). Further comparative studies have revealed the importance of ambient temperature in controlling the 
expression of this behavior (e.g., Gallup et al., 2009; Massen et al., 2014; Eldakar et al., 2015). Moreover, even 
fever has been shown to influence yawn frequency in a pattern predicted by this hypothesis (Gallup & Gallup, 
2013; Marrafa et al., 2017). Nonetheless, the brain cooling hypothesis is not universally accepted (see Elo, 
2010; 2011; Guggisberg et al., 2011), and some researchers have proposed that yawning may simply occur 
conjointly with natural changes in brain temperature rather than functioning in thermoregulation (Krestal et al., 
2018).  
 
The current experiment was designed to address this issue by indirectly manipulating brain temperature among 
human subjects to witness its effect on yawning. Brain temperature in homeotherms is controlled by the 
temperature of the arterial blood flow to the brain, the rate of arterial blood flow to the brain, and metabolic heat 
production with the brain (Baker, 1982). Here, we aimed to temporarily manipulate the first variable by having 
human subjects hold varying temperature packs directly to the surface of the neck above their carotid arteries 
prior to viewing a contagious yawning stimulus. Although the temperature of the arterial blood supply is not 
equivalent to brain temperature (e.g., Hayward & Baker, 1969; Kiyatkin et al., 2002), comparative research has 
demonstrated that the arterial blood perfusing the brain is the major determinant of cerebral temperature in 
primates (Hayward & Baker, 1968). In addition, the temperature of blood within the carotid arteries has been 
shown to predict internal brain temperature across diverse species (e.g., Fuller et al., 2003; Maloney et al., 
2007; Mitchell et al., 2006). Based on the brain cooling hypothesis, and past research employing similar 
procedures to modify cranial temperature in human subjects (Gallup & Gallup, 2007), it was predicted that 
cooling of the skin just above the carotid arterial blood supply would diminish yawning, while conversely 
warming of this tissue would increase this response. Contagious yawning was used as a proxy for spontaneous 
yawning since it can be reliably triggered in the laboratory (Platek et al., 2003) and studies have repeatedly 
demonstrated that variables altering spontaneous yawns also control yawn contagion (e.g., Gallup & Gallup, 




The recruitment and testing procedures were approved by and carried out according to a protocol submitted to 
the Nova Southeastern University Institutional Review Board. Participants consisted of 92 students (72 
females, 20 males; mean age ± SD: 19.4 ± 2.0, range 18–30) recruited from undergraduate biology courses. All 
testing occurred during the spring semester of 2017 between 1330 and 1600hr, and participants were asked to 
















After consent, participants were placed in one of three temperature conditions. Following instruction, 
participants applied either a therapeutic warm (46oC; N=33), cold (4oC; N=33) or room temperature (22oC; 
N=26) pack firmly against their neck over their carotid arteries for five consecutive minutes. The experimental 
protocol closely followed that of Gallup and Gallup (2007), which applied the same temperature manipulations 
to the forehead instead of the neck. To maintain temperature between trials, warm packs were stored in hot 
water baths set to 46oC and cold packs were maintained at 4oC in coolers, while the room temperature packs 
were stored in a cabinet in the experimental room (22oC). All packs were dried and wrapped in a single layer of 
paper towel before use. These therapeutic packs were advertised as reusable for both hot and cold treatment, 
and multiple packs were used in each condition in rotating order to eliminate potential temperature changes 
from prior use. 
 
We were able to confirm that these temperature pack manipulations produced predicted changes in cranial 
temperature under a modified protocol approved by the same review body. Two male volunteers (mean age ± 
SD: 35.0 ± 2.3) at SUNY Polytechnic Institute underwent each of the three conditions separately while being 
recorded by a high resolution radiometric thermal imaging camera custom calibrated for a narrow temperature 
range for biological systems (Teletherm Tiger4 Cub). From a distance of 0.6 meters, maximum cranial 
temperature (to the nearest 0.1oC) was measured across a 5x5 pixel area that was set to continuously update 
during recording to capture the warmest combined surface temperature within the frame. This measurement 
area hovered over the superomedial orbit area (i.e., the upper medial canthal region) across all trials. This 
distinct anatomical region, which is uniquely thin and void of adipose tissue, serves as a noninvasive measure 
of internal brain temperature and has been termed the brain temperature tunnel (BTT) (Abreu et al., 2010; 
Haddadin et al., 2005; 2009; 2010; Silverman et al., 2010; Wagner et al., 2010). Figure 1 depicts this 
measurement area within the thermographic image, showing the distinct radiant emission from the BTT.  
 
Temperatures were recorded at one-second intervals from each of the first and final 15 seconds of the five-
minute manipulations, and difference scores were calculated to observe changes across conditions. Overall, 
the warm (46oC) and room temperature (22oC) pack conditions resulted in an average increase in maximum 
BTT temperature of 0.257 ± 0.023oC and 0.153 ± 0.053oC, respectively, while the cold pack condition (4oC) 
produced a decrease in maximum BTT temperature of -0.107 ± 0.033oC. Thus, the warm and cold packs 
produced predicted inverse effects, but the influence of the cold pack was more robust when compared to the 
room temperature baseline (+0.104oC and -0.260oC, respectively). 
 
Following the five-minute manipulation, participants in the study removed their temperature pack and 
immediately viewed a 63-sec video depicting a random series of nine individuals yawning (mixed sex subset of 
video clips used in previous studies: e.g., Platek et al. 2003). After exposure to the yawning stimulus, 
participants filled out a questionnaire on their own yawning behavior (including whether they had the urge to 
yawn) during or since exposure to the video, while also indicating the number hours they slept the night before. 
Since experimenter presence diminishes yawning (e.g., Baenninger & Greco, 1991; Gallup et al., 2016), 
participants were left alone in their exposure to the therapeutic pack, video, and subsequent questionnaire. 
 
Measures of interest included the self-reported urge to yawn, yawn occurrence, and yawn frequency. There 
was no difference across conditions for sleep duration the night before, and thus Generalized Linear Models 
(GLMs) were used to test for differences between conditions across all yawn variables: urge (binary logistic), 
occurrence (binary logistic), and frequency (Poisson). Pairwise comparisons between conditions were 




Sixty-two participants (67.4%) reported the urge to yawn while viewing the contagious yawning stimulus, with 
the greatest urge in the warm condition (84.8%), followed by the room temperature condition (69.2%) and then 
the cold condition (48.5%). These differences were significant (Wald X22 = 9.197, p = 0.010; Figure 2a), with 
corrected pairwise tests revealing that fewer participants reported the urge to yawn in the cold condition 
compared to the warm condition (p = 0.002). Thirty-four participants (37.0%) reported yawning during the study 
with again the largest percentage in the warm condition (45.5%), followed by the room temperature (38.5%) 
and then cold condition (27.3%), but these differences were not significant (Wald X22 = 2.338, p = 0.221; Figure 
2b). Total yawn frequency did vary significantly (Wald X22 = 11.489, p = 0.003; Figure 2c), with the same 
general pattern across temperature conditions (warm > room > cold). Corrected pairwise tests revealed that 














0.001) and room temperature condition (p = 0.042). In particular, there was a threefold difference in the 




The brain cooling hypothesis of yawning has garnered recent empirical support (reviewed Gallup & Eldakar, 
2013), and has shed light on previous uncharacterized connections between abnormal or frequent yawning and 
thermoregulatory dysfunction in humans (Gallup & Gallup, 2008). To date, the majority of past studies linking 
yawning with changes in brain/skull temperature have been correlational in nature. That is, yawns have been 
shown to be preceded by rises in temperature, and followed by decreases in temperature (e.g., Gallup & 
Gallup, 2010; Shoup-Knox et al., 2010; Shoup-Knox, 2011). As a result, some researchers have proposed that 
yawns may simply coincide with natural changes in brain temperature, and that fluctuations in brain 
temperature do not actually trigger yawns (Krestel et al., 2018). This study extended upon this previous work by 
manipulating the temperature of the neck just above the arterial blood supply to the brain and observing 
changes in yawn frequency thereafter.  
 
In partial support of the brain cooling hypothesis, results show that manipulations aimed at modifying arterial 
blood temperature significantly altered contagious yawning among humans. In particular, applying a cold pack 
(4oC) to the neck just over both carotids reduced the surface temperature of the BTT and significantly 
diminished both the urge to yawn and overall yawn frequency in this study. These findings replicate previous 
research manipulating forehead temperature (Gallup & Gallup, 2007), whereby contagious yawning was 
markedly lower in the cooling condition. Similar reductions in yawn contagion occur when ambient 
temperatures fall below a thermal neutral zone (Massen et al., 2014). Given that brain temperature is largely 
influenced by the temperature of arterial blood supply (Baker, 1982), the decreases in temperature produced by 
the cold condition appeared to inhibit the mechanisms controlling this response. This can be viewed in the 
same way other cooling mechanisms (e.g., sweating) cease when internal temperatures fall below thermal 
homeostasis. 
 
No differences emerged between the warm and room temperature conditions, which also mirrors earlier 
research manipulating forehead temperature (Gallup & Gallup, 2007). Although the warm temperature 
condition (46oC) of the current study produced an increase in temperature at the BTT, associated increases in 
yawning were not statistically different from the room temperature condition. This particular result is not entirely 
consistent with the brain cooling hypothesis, which predicts that rises in brain temperature should trigger 
yawning. However, it has been posited that yawning serves as a compensatory, rather than primary, cooling 
mechanism, and thus it could be that the elevation in cranial temperature produced by the warm condition 
(~0.25oC) exceeded the threshold for which yawning would be effective. For example, recordings from free-
moving rats show that yawns are preceded by rises in brain temperature of only 0.12oC (Shoup-Knox et al., 
2010), which is less than half the magnitude produced in this current study. Similar effects have been observed 
across large deviations in ambient temperature (Gallup, 2016). A range of comparative studies have shown 
that initial rises in ambient temperature trigger an increase in yawn frequency, but that yawns then decrease in 
frequency back to baseline levels as temperatures approach or exceed body temperature because counter-
current heat exchange is no longer effective (Gallup et al., 2009; Gallup et al., 2011; Gallup & Eldakar 2011; 
Eldakar et al., 2015). These findings are also consistent with the perspective that yawning operates as an 
initial, compensatory response to slight deviations in thermal homeostasis. As temperatures continue to 
elevate, heat dissipation becomes more difficult and more effective regulatory mechanisms are triggered 
(Gallup et al., 2009). Future research could specifically test these predictions by comparing yawning across a 
range of different warm temperature conditions while simultaneously tracking other well-documented 
thermoregulatory cooling responses. In addition, further studies could examine how temperature manipulations 
to areas of the body more distant from the skull (e.g., the forearm or abdomen) influence yawn frequency. 
 
The overall findings from this report are consistent with previous research indicating that yawns may function 
as a compensatory brain cooling mechanism. However, it remains unknown whether the temperature 
manipulations to the neck were sufficient to alter either arterial or brain temperature. Although the reported 
thermographic recordings revealed predicted changes in temperature at the BTT, intracranial temperatures 
were not obtained. Nonetheless, this report adds to a growing list of experimental findings demonstrating that 
the mechanisms controlling yawning, including spontaneous and contagious forms, are sensitive to 
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Figure 1. Representative thermographic image from the room temperature pack condition depicting the 
maximum temperature of the frame (represented in the upper right corner: 36.8oC). The 5x5 pixel measurement 
area (red target) continuously sampled directly over the BTT (i.e., superomedial orbit area) due to the distinct 
radiant emission of this anatomical region. The temperature scale is depicted on the left, with the gray arrow 
indicating the lowest surface temperature in the frame. 
 
Figure 2. The self-reported (a) urge to yawn, (b) yawn occurrence, and (c) yawn frequency across conditions. 
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 Despite strong empirical evidence, the brain cooling hypothesis is controversial  
 We tested this hypothesis by altering neck temperature above the carotid arteries 
 Carotid manipulations influenced measures of both cranial temperature and yawning 
 These findings provide further support for a thermoregulatory function to yawning 
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